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Agenda

Architektura pameti .NET aplikaci
Stack x Managed Heap

Hodnotove x referencni datove typy
Volani metod a predavani parametru

Garbage Collection
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DEMO

Windows Debugger a inspekce paméti
01-StackHeap, x64 DMP
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Architektura pameti .NET apps

Instrukcni pamet’
Zasobnik (Stack)
Halda (Heap)

Native Heap (Unmanaged Resources)

Managed Heap (.NET, Garbage Collector)

F ¢) GOPAS

IIIIIIIIIIIIIIIIIII



Zasobnik (Stack)

per thread
fixed size (konfigurovatelny, default 1 MB)
LIFO - Last In, First Out

Activation Records (Stack Frames)
parametry (argumenty)
- navratova adresa, registry CPU, ...

- lokalni proménné
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Stack a volani metod
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DEMO

Stack Frames (01-StackHeap, X64)

ShowlT2016

& Security Day

IIIIIIIIIIIIIIIIIII



Datove typy

Hodnotove
in-place hodnota
primitivni typy
Intl6/32/64, Byte,
Boolean, Double, ...
char, Decimal

struct - DateTime,
Nullable<T>, vlastni,
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Referencni

,hodnotou* je odkaz na
instanci (tj. adresa)

class (vC. Object)
pole - Array, type[]
string

na jednu instanci muze
ukazovat vice referenci
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= operace prirazeni

zkopirovani pametove bunky
hodnotovy typ — zkopirovani vlastni hodnoty

referencni typ — zkopirovani odkazu na instanci
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DEMO

Hodnotovée/referencni typy, prirazovani
(02-ValueAndReferenceTypes, x86)
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Predavani parametru do metod

predani parametru ,,hodnotou* (default)
— zkopirovani pametové bunky
predani parametru ,,referenci“ (ref, out)

— odkaz na zdrojovou pameétovou bunku (stack)

navratova hodnota metody

— zkopirovani paméet’ove bunky (~ prirazeni)
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DEMO

Predavani parametru do metod
(03-CallingMethods, x86)
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Halda (Managed Heap)

dynamicka velikost
alokace pri vytvareni instanci (new)

pod spravou Garbage Collectoru
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Garbage Collection

Garbage Collector ~ 1959 LISP
NET Garbage Collection

- prekroceni thresholdu generace pri alokaci
- system-wide memory pressure
- GC.Collect() API (never-ever!)

sesypani, update referenci
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Garbage Collection - sesypani

Before After
Root _ Root
— Live Object (a) - Live Objecl (a)
Dead Object (b) :| Live Object (c)
Live Object (c) - Live Object (e)
Hoot
Dead Object (d)
— |- Live Object (&)
Root
— - Dead Object (f) Free Space
.. ....... F reesﬁace'::::
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DEMO

Garbage Collection
(02-SimpleGarbageCollection, x86)
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Roots

koreny grafu objektu pro zjisténi dosazitelnosti
- zasobnik (lokalni proménne, parametry metod)

- GCHandles
« globalni staticke fieldy

e pinned objects

- F-reachable queue

(domaci ukol: WeakReference)
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DEMO

GC Roots (03-GCRoots, x86)
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Generations

vykonova optimalizace

soustredi se objekty s kratkou zivotnosti

Gen 0 - nove, Gen 1 & 2 - prezily 1/vice-krat
Gen 0 + 1 = ephemeral segment (,,fixed* size)

Gen 2 = variable size
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(o

Generations

(16KE)

Gent
(12KB)

Gen 1
(12KB)

Gen 0
(8KB)

Gen 2
(16KB)

Gen 1
(10KB)

- Gen O
(4KB)




Finalization

explicitni Uklid unmanaged zdroju
Finalize() ~ C# destructor
Finalization Queue => vzdy Gen 1
F-reachable Queue

Finalization Thread

|IDisposable, ResourceWrapper pattern
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Large Object Heap

vykonova optimalizace
objekty veétsi nez 85 000 bytu (default)
soucast Gen 2 collection

nesetrasa se (NET 4.5.1+ lze jednorazove)

Free List
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Verze Garbage Collectoru

Workstation (lag) vs. server (throughput)

configuration/runtime/gcServer enabled="true|false"
Background GC (NET4 wks only, NET4.5 svr)
configuration/runtime/gcConcurrent enabled="true|false"
Objekt >2GB (x64, NET4.5)
LOH Free Lists Optimization (NET4.5)
LOH Heap Balancing (NET4.5)
LOH Compaction, explicit (NET4.5.1)
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